The assessment of groundwater vulnerability to pollution considered an effective tool in managed water resources especially in arid and semi-arid areas. The main objective of this study is to appraise the vulnerability for the Quaternary aquifer in Baghdad region, by using DRASTIC model and GIS for both the standard and pesticide conditions to evaluate the most sensitive and effective areas to pollution. The vulnerability index map for the standard and pesticide conditions shows three classes of very low, low, and moderate and low, moderate, and high classes, respectively, where the DRASTIC pesticide index ratio represents 33% more than the DRASTIC standard index. The results showed that the most vulnerable areas of the standard condition were constructed in two regions, the North West part and the second area that represented in the middle part of the study area, besides the high pesticide vulnerable index with 48% of the study area at the same parts. Topography, soil media, and water depth are the main factors that affect the groundwater contamination of the Quaternary aquifer and make it more susceptible to pollution; therefore, it is necessary to maintain these susceptible areas from agricultural results, seepage, and effluent from the residual wastes which spilt from the uncontrolled industries distributed in the area.
Introduction
The vulnerability studies are considered good approaches to improve good information on preventing the deterioration of the environment (Mendoza and Barmen 2006) . Aquifer vulnerability provides a good overview of the environmental evaluation of the economic impacts of the wastes in highly vulnerable areas. Moreover, they are providing useful information for decision making and management the water resources, monitoring and protecting the groundwater quality (Hamamin 2011) . The vulnerability maps were considered as essential in protecting groundwater and a valuable tool in environmental management (Daly and Warren 1998) .
The present study is concentrated on Baghdad city, the capital of Iraq, which located at the central part of it. The city is divided into two main parts by Tigris River which passes through it, the eastern part Al-Rusafa, and the western part called Al-Karkh (Al-Hiti 1985) (Fig. 1) , because of the environmental importance of this province, and the very rapid growing in population that increased recently, it is necessary to evaluate the environmental deterioration of Baghdad city environment due to misuse of the groundwater.
Study area
The study area has an environmental and economic importance according to the last statistical percentages, and there are many land uses can be identified where the urbanised, agricultural, and industrial areas have percentages of 72.69, 25, and 2.31% from the total area, respectively, (Ali et al. 2013) , besides the very rapid growing population that increased recently (Ali 2012) . For those reasons of the increase in population and misuse of lands in addition to digging irregular groundwater wells, it has to identify the vulnerability map of Baghdad area using DRASTIC method with GIS tools, to explain the zonation of areas that have high and low groundwater susceptible to pollution.
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Geologic and geomorphologic setting
The study area is covered by Quaternary sediments of the Mesopotamian plain; the Quaternary sediments are differentiated into three groups. Baghdad lies into Holocene sediments group which include mainly from floodplain deposits, anthropogenic deposits, and marsh deposits consisting of alternating sand, silt, and clay, and gravel in vertical and lateral variations ( Fig. 2) (Jassim and Goff 2006) . Baghdad can be considered as semi-arid to arid climate influencing typically by the gas emitted from automobile exhausts (Awadh 2015) . The elevation, referenced to the sea level, of the area ranges (0-40 m), (Fig. 3) . The land surface is generally flat with imperceptible gradient from northwest to southeast (Yacoub 2011) .
Hydrogeological setting
The study area is covered by Quaternary sediments, which formed by rapidly alternating horizons of clay, silty clay, clayey silt, silt, sand, and gravel. Clay and silt form the aquitards, while sand and gravel form the aquifers (AlJiburi and Al-Basrawi 2011). The Quaternary sediments have laterally and vertically abrupt lithological changes. Therefore, no homogenous lithological units exist throughout the area, so the sediment has been considered regionally as a lithologically complex aquifer system (Al-Jiburi and Al-Basrawi 2011; Araim 1990). Generally, the groundwater flow map of the study area shows that the direction of the groundwater flow has two main directions, at Karkh side, the flow patterns are from northwest towards south and southeast, whereas at Rasafa side, the flow direction is from northeast towards southwest of the study area (Tigris River). The piezometric surface of the groundwater within the area according to the archival database from Baghdad Ground Water Directorate shows many local flow directions may appear in the area depending on the relation with the surface water and the lithological variations throughout the study area (Fig. 4) . 
Materials and methods
Data from Baghdad Ground Water Directorate of 35 wells taken from the archival of Groundwater Directory, where obtained to prepare the spatial distribution of all the maps necessary for the DRASTIC model like depth to water, net recharge, aquifer media, hydraulic conductivity. In addition, the grain size analyses of 22 soil samples were taken from the same studied area according to (Ali 2012) .
DRASTIC is one of the most widely used models to assess groundwater vulnerability. The name DRASTIC represents the use of the first letter of each hydrological component in calculating the vulnerability index, (D) depth to water, (R) net recharge, (A) aquifer media, (S) soil media, (T) topography, (I) impact of vadose zone media, and (C) hydraulic conductivity of the aquifer. These parameters control the groundwater contamination potential. The DRAS-TIC ranking system contains three major parts: Range, Rating, and Weight: (Aller et al. 1987) .
Range: each factor in DRASTIC assigned in ranges or significant media type which have an impact on pollution potential.
Rates: each range for each DRASTIC factor is evaluated with respect to each other to determine the relative significance of each range with respect to the impact on pollution potential. The rating for each DRASTIC factor is assigned a value between 1 and 10. The higher rating is the more significant on pollution potential.
Weights: each DRASTIC factor is evaluated with respect to each other to determine the relative importance of each factor. Each factor is assigned a relative weight ranging from 1 to 5, Table 1 shows that the most significant factor is allocated 5 and the least significant is allocated 1. DRASTIC has two weight classifications, one for normal (standard) conditions and the other for conditions with intense agricultural activity which represent as Pesticide Index.
The weighted ratings are summed to obtain the DRASTIC index DI (AL-Qurnawi 2014), as follows: where DI DRASTIC index, D r rating for the depth to water table, D w weights assigned to the depth to water table, Rr rating for ranges of aquifer recharge, R w weight for the aquifer recharge, A r ratings assigned to aquifer media, Aw weights assigned to aquifer media, S r ratings for the soil media, Sw weights for soil media, T r ranges for topographic (slop), T w weights assigned to topography, Ir ratings assigned to vadose zone, I w weights assigned to vadose zone, C r ratings for hydraulic conductivity, C w weights given to hydraulic conductivity. Aller et al. (1987) did not propose any classification for their DRASTIC results, so the vulnerability ranges of the DRASTIC index used in this study correspond to the most commonly used references in the literature (Civita and De Regibus 1995; Corniello et al. 1997) 
Development of the DRASTIC vulnerability index for the study area
To apply the DRASTIC method in the study area, the base information and data of the area should be provided and prepared for each seven thematic maps. The data were gathered from different sources such as, geological and meteorological data, a digital elevation model DEM, archival database from Baghdad Ground Water Directorate, and grain size analyses. ArcGIS 10 software was used to compile the geospatial data, to compute the DRASTIC index, and to generate the final vulnerability maps. The different data and maps are converted into UTM system zone 38 N.
A model grid over the aquifer was then overlaid and assigned DRASTIC rating to the grid cell for each of the seven hydrogeological factors. The raster grid of cell size 10 m (x, y) forming 5048 and 4061 columns and rows, respectively, is used.
Application of the DRASTIC method for the study area
Depth to groundwater levels (D) is the distance between the surface and the water table, which is ranged between 1 and 9 m in the shallow upper aquifer. This distance was obtained from the well logs, hydrological reports of groundwater wells data obtained from Baghdad Ground Water Directorate, and the groundwater depth thematic map is interpolated between the well locations by using kriging method and then reclassified into three classes using reclassify command in spatial analyst and regard to rating DRASTIC system ( Fig. 5 ; Table 3 ).
Net recharge (R) represents the considered annual recharge for the study area depending on (Bashoo et al. 2005) , which corresponding to the estimated magnitude by applying chloride mass balance method, the amount of recharge was less than 50 mm represents for all the study area and assigned to rating value 1, as well as, the weighted value was 4, (Table 3; Fig. 6) Aquifer media (A) The main lithological material for the shallow unconfined aquifer in the study area consists of sand, gravel and a significant amount of silt (Ali 2012; Salman et al. 1990 ); therefore, the rating value for aquifer media is eight (Fig. 7) .
Soil media (S) Soil media could be described as a layer over the unsaturated zone. The thickness of the soil media varies from zero to 1.5 m in depth. The soil media thematic map of the basin was prepared from the hydrological soil group (HSG) classification of the grain size analyses of the study area. The infiltration rates of the soil site were interpolated by using kriging method and then reclassified into the HSG of the area for A, B, C and D types.
The hydrological soil properties and their compositions are defined by USDA with other relevant factor depending on the twelve soil texture Table 4 , (USDA 1975) . According to the hydrological soil groups classification (Table 4) , the hydrological soil texture is classified as shown in Table 5 , we recognise four hydrological group of the study area, and the USDA triangle is shown in Fig. 8 , while Table 6 represents the classification of hydrological soil group (HSG) for each soil sample. The areal distribution of each soil group is used to estimate the infiltration rate for the soil sites in the study area Table 6 . Figure 9 represents the soil media rating for the area; the choosing rate value for A, B, C, and D group is 9, 6, 4, and 3, respectively.
Topography (slope T) refers to the slope variability of the land surface (Aller et al. 1987) . Areas with low slope tend to retain water longer and this allows a greater infiltration of recharge water and a greater potential for contaminant migration (Baalousha 2006) . Slop was calculated in term of percentage using the Digital Elevation Model DEM covering the study area. The obtained percentage slope values are reclassified according to slope index ranges which are reclassified according to rating values, and thematic map of the slope rating for the study area is shown in (Fig. 10) .
Impact of vadose zone (I) To drive the thematic map for the vadose zone to the shallow unconfined aquifer, assigned ratings depending on well log information of the selected wells. Therefore, the vadose zone for the study area assigned for the all aquifer at rating number 7 which consist of sand, silt and gravel (Fig. 11) .
Hydraulic conductivity (C) The hydraulic conductivity values were obtained from the field measurements on test drilling boreholes from archive and documents published by (Al-Jiburi 2009) and represent for the hole aquifer in the study area (Fig. 12) and reclassified according to the criteria of DRASTIC model with rating at 1.
The results
To produce the final vulnerability map (standard and pesticides), the raster calculator is used in spatial analyst tool. Each rating thematic layer is multiplied by the weighting values for each parameter according to Table 1 . Then, the seven thematic layers put together according (Fig. 13) for the standard conditions and (Fig. 14) which represent the vulnerability index for pesticides conditions. The vulnerability index map for the standard conditions shows three vulnerable classes of very low, low, and moderate with class area of (110.5, 747.15, and 1088.8) km 2 , respectively; the very low zone is constructed at the southeast part of Al-Resafa area with vulnerability index less than 80, while the high vulnerable index (140) were occupied the most area of Al-Karkh region in addition to the middle and northwest parts of Al-Resafa area (Table 7) The pesticides DRASTIC model is ranged between 110 and 200, which are higher by 33% than the standard conditions with low, moderate, and high classes of (27.2, 982.5, and 936.6) km 2 , respectively (Table 7 ; Fig. 14) . The results confirm that 48% of the study area is occupied by high pesticides in DRASTIC index distribution in the middle and northwest of the study area. The distribution of vulnerability classes through the area is related to the variation on the impact of recharge and low values of hydraulic conductivity. Table 8 shows the statistical summary of the seven factors maps used to compute the DRASTIC index, the high risk of groundwater contamination in the area affected by topography, soil media and water depth factors with standard deviation of (2.29, 2.25, and 1.72), respectively. The other factors imply low risks of contamination.
Sensitivity analysis
According to Leal and Castillo (2003) , the sensitivity analysis is important to test the validity of aquifer vulnerability methods to reduce subjectivity in the selection of rating ranges and to increase reliability.
The main objective of sensitivity analysis is to assess the influence of rating values and weights assigned to each parameter. This will helps to judge the significance of subjective elements (Gogu and Dassargues 2000) . Performing sensitivity analysis has been described by many authors, where the vulnerability is computed several times; and in each time one parameter is removed (Gogu and Dassargues 2000; Napolitano and Fabbri 1996) .
In this study area, the DRASTIC vulnerability themes were computed seven times and, in each time, one item was removed. In order to assess the influence of sensitivity to removing one parameter, Babiker et al. (2005) suggested the following expression to measure the sensitivity influence Si as:
where S i is the sensibility of DRASTIC parameter, v is the DRASTIC vulnerability index, vʹ is the DRASTIC vulnerability index after removing one parameter, N is the total number of parameters or layers used in obtaining the DRAS-TIC vulnerability (equals 7), n is the total number of parameters or layers used in obtaining the DRASTIC vulnerability after removing one parameter (equals 6). Table 9 illustrates the statistics on sensitivity of removing one DRASTIC parameter on the obtained vulnerability values. The sensitivity influence results show that the most Fig. 8 Soil texture of the soil samples (USDA online web) sensitive parameter to DRASTIC vulnerability is R (net recharge), with mean value of 9.3, followed by the S, D, C, and I of DRASTIC parameter, with mean value of 2.4, 2.2, 1.9, and 1.7, respectively Another important factor that should be assessed by DRASTIC sensibility is the variation index v xi which is computed as follows (Gogu and Dassargues 2000) :
The negative value of variation index means that removal one of the parameter will increase the vulnerability values, thereby reducing the calculated vulnerability (Gogu and Dassargues 2000) . As shown in Table 10 , the result values are positive which means that the vulnerability index was reduced by removing one parameter of DRASTIC model and increasing the calculated vulnerability.
In order to evaluate the impact of each factor in DRAS-TIC model on the vulnerability index the analysis of effective weight should be achieved. This analysis compares the effective weight of each input factors in each polygon with the theoretical weight assigned by the analytic model (AlAbadi et al. 2017) . The effective weight of each polygon is obtained using the following formula:
where W refers to effective weight for each factor, P r is the rating values given for each parameter(factor), P w is the weights assigned for each parameter, v is the DRASTIC vulnerability index Table 11 shows the statistics of the calculating effective weight for each DRASTIC factor. Calculations show that there is significant difference between the effective weights of DRASTIC factors and the assigned theoretical weight. Recharge R, impact of vadose zone I, and hydraulic conductivity C are the highest differences. The lack or uncertainties in these factors will reflect the inconsistency that reduces the efficiency of the Vulnerability index model.
Conclusion
• DRASTIC model provides a good tool to evaluate and managing the groundwater systems for its vulnerability to contamination. • Intrinsic vulnerability by DRASTIC model was applied for the Quaternary aquifer of Baghdad city for pesticide and standard conditions; the results confirm that the DRASTIC index of pesticide conditions will access 33% than DRASTIC index of standard conditions. • The vulnerability index results for both conditions show high vulnerable areas at the middle and northwestern parts of the study areas which represents the most susceptible areas for pollution.
• The variation in topography, soil media and water depth considered the main factors that affect the distribution of vulnerability classes through the area.
• Controlling the domestic, agricultural, and industry activities in vulnerable areas are important in protecting the groundwater from pollution, in addition to monitoring the chemical, physical, and biological indicators that effects negatively in deteriorate the groundwater resources.
• It is important to test the consistency of the DRASTIC factors in the vulnerability assessment by validating and evaluating the sensitivity analysis in any study; the results show that the effective weight for each factor is different from the theoretical weights assigned by the DRASTIC model. The lack or uncertainties in recharge, impact of vadose zone, and hydraulic conductivity are the highest factors that reduce the efficiency of the vulnerability index model.
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